Objective: To determine the effect of patch testing on surgical decision making and outcomes in patients evaluated for suspected metal hypersensitivity related to implants in bones or joints.
M
ORE THAN 1 MILLION lower extremity total joint replacements are completed yearly in the United States, and this number is expected to increase. 1, 2 The overwhelming majority were for osteoarthritis; other causes included inflammatory arthritis, posttraumatic arthritis, avascular necrosis, and postsepsis arthritis. The increasing need for orthopedic implants is secondary to multiple factors, including the population's increased life expectancy, obesity, expanding indications, and the desire of patients to maintain active lifestyles. [3] [4] [5] [6] For bone implants to withstand the associated movement and stress, most implants are metal alloys, made from a mixture of 2 or more components. 7 Nickel is a commonly used metal in alloys because it grants necessary strength and durability to the implant. At the same time, nickel is the leading cause of contact dermatitis associated with metals, affecting up to 19% of the population evaluated with patch testing. 8 Although the prevalence of contact allergy to metals is high, hypersensitivity complications associated with metal implants have been reported to be less than 0.1%. 9 Potential allergic complications after implantation of orthopedic metal devices are cutaneous eruptions, chronic joint pain, edema, loosening, and joint failure. [10] [11] [12] Objective criteria supporting a causative association between metal release from an orthopedic implant, metal allergy, and dermatitis overlying an implant have been proposed; however, the clinical decision-making process remains difficult. 13 Patients are frequently referred to the dermatology department to rule out hypersensitivity reactions related to metal implants preoperatively or postoperatively if problems develop in an implant. 14 Dermatologists commonly rely on patch testing to evaluate these patients for potential metal allergy. However, the effect of patch test results on the practices of the referring surgeons is unknown. 15 With the exponential demand for orthopedic procedures, there is an obvious need for effective collaboration between dermatologists and surgeons to better identify patients at risk for complications due to metal hypersensitivity. In this study, we evaluated the role of patch testing in the decision-making process of referring surgeons and subsequent outcomes of patients with hypersensitivity to metals identified with the testing.
METHODS
This was an institutional review board-approved medical record review of patients who underwent patch testing for allergic contact dermatitis related to implantation of a metal in a bone or joint in the Cleveland Clinic Department of Dermatology from January 1, 2003, through December 31, 2010 . The dermatology patch test database was used to identify patients who had testing with a prosthesis-specific tray (n=94). Study patients included only those who had an orthopedic surgical procedure, with a minimum postsurgical follow-up of 6 weeks or longer (N=72).
Data recorded on these 72 individuals included demographics; self-reported history of atopy; clinical history of hypersensitivity to metals in costume jewelry, belts, buckles, watches, or dental implants; timing of referral; reason for referral and referring physician; location, onset, and nature of presenting symptoms; presence of dermatitis on examination; location of implanted metal; surgeon's choice of metal components implanted after patch test results; and patients' status on postoperative visits. Patients were divided into 2 main groups: preimplantation (patch testing before the surgical implant) and postimplantation (patch testing after the surgical implant). Patients from the postimplantation group were evaluated for the presence of factors other than metal hypersensitivity to explain their presenting symptoms, such as infection or mechanical causes of failure. Investigations included imaging, synovial fluid aspirates, microbiologic testing, histopathological examination of periprosthetic tissue, and assessment of postoperative dressing material for cutaneous allergic reactions. All medical office notes were cross-referenced with surgical operative notes, postoperative hospital notes, and manufacturers' information sheets for completeness.
Patients who were taking long-term immunosuppressive medications were excluded, as were patients who had received patch testing related to cardiac or dental metal implants. One patient with a spinal stimulator and 2 patients with joint prosthesis were included in a previously published report. 16 Two patients with Nuss bars were included in another publication. 17 Statistical analysis was performed using 1-sided Fisher exact tests to calculate the association between self-reported history of hypersensitivity to metals and positive results of patch testing for hypersensitivity to metals.
DEVICES
All patients had implanted metal devices for orthopedic use, such as screws and plates for fracture fixation, partial or total arthroplasties of extremities, spinal stimulators, or Nuss bars for thoracic expansion. The operative procedure notes were analyzed to confirm site, type of implant, intraoperative events, and decision-making process. The manufacturers' technical sheets and serial number labels were used to confirm the metal components of the implanted joints, and this information was used to further analyze the relevance of patch testing results. A positive patch test to a certain metal was considered relevant if that metal was a component of the alloy that was surgically implanted or was going to be implanted.
PATCH TESTS
The patch testing procedures of allergens used in our study were performed by dermatologists according to the standards set by the North American Contact Dermatitis Group (NACDG). 8 All patients had patch testing with both standard screening of the NACDG and prosthesis trays ( Table 1) . The patch tests were applied to unaffected skin on the upper back using chambers (Finn Chamber; Epitest Ltd) on acrylic-based adhesive medical tape (Scanpor; Norgesplaster AIS). Patches were removed after 48 hours, and the reactions were evaluated on day 2 or 3 and again on day 6 or 7. Interpretation of patch test results was performed according to the NACDG guidelines. 16 
RESULTS
There were 31 patients in the preimplantation group and 41 patients in the postimplantation group. The demographic characteristics of the groups are presented in Table 2 .
PREIMPLANTATION GROUP RESULTS
Patients in the preimplantation group were most often referred by their orthopedic surgeon because of a selfreported history of hypersensitivity to metals. Several patients in this group showed positive reactions to at least 1 metal (21 of 31 [68%]), with 15 patients reacting to more than 1 metal ( Table 3 ). All 21 of these patients were significantly more likely to have a clinical history of metal hypersensitivity than were those without a positive result (7 of 10 [70%]) (P = .03).
The patch test results influenced the decision-making process of the referring surgeons ( Table 4) . In all patients who tested positive to metals, surgeons chose an implant that did not have that metal as a component. In 13 of these cases, the surgeons chose an implant that was different from their implant of choice. The 21 patients with implanted allergen-free hardware did not have skin eruptions or early joint loosening on surgical follow-up (Table 4 ). In the patients with negative results to the patch test, only 1 received an oxidized zirconium knee implant because of a self-reported history of metal intolerance.
POSTIMPLANTATION GROUP RESULTS
In the postimplantation group, the referring physicians recommended patch testing after excluding periprosthetic complications, such as infection and mechanical failure. The most common reason for patch testing referral in this group was chronic pain at the site of the implanted metal (24 of 41 patients [59%]) ( Table 5) . Clinical history of hypersensitivity to metals in this group was not a major factor for referral; nevertheless, patients with a positive patch test (8 of 15 [53%]) were significantly more likely to have a clinical history of metal hypersensitivity than were those with a negative patch test (5 of 26 [19%]) (P =.03).
Fewer positive patch test reactions to metal were identified(15of41patients[37%])inthepostimplantationgroup. The most common positive results were documented for nickel,cobalt,palladium,andchromium;therewerenopositive reactions to gold (Table 3) . Ten postimplantation patients had at least 1 relevant positive patch test to a metal that was a component of their implant. The details of their clinical findings are reported in Table 6 . Among these patients, all who reported a history of metal hypersensitivity had a positive reaction to nickel (n=7). Nickel was the most frequently implicated relevant metal (7 of 10 [70%]), with dermatitis being the most common concern (4 of 10 [40%]). Six patients who had the potentially offending prosthesis explanted experienced alleviation of their symptoms. In contrast, 4 patients who did not have an implant revision operation continued to experience the related problems. The decisions to not remove the implant resulted from additional comorbidities (n=2) and preference of the patient to avoid an additional operation (n=1); 1 reason was not reported. Negative patch test results were documented in 26 patients. Nine of these patients underwent revision of the implanted prosthesis. Reasons for device revision or removal included infection (n=4), mechanical failure (n=3), arthrofibrosis (n=1), and patient choice (n=1).
COMMENT
The advent of orthopedic implants has transformed the treatment of bone and joint conditions by improving quality of life, increasing mobility, and reducing pain in affected patients. 18 Most implants used in orthopedic operations are composed of metal alloys that contain classic contact allergens, such as nickel, cobalt, and chromium. 19 The occurrence of potential allergic complications to a metal implant depends on the immune status of the individual, the corrosion potential of the material, and the presence of underlying metal hypersensitivity. 20, 21 The summary of our experience from this study suggests a role for patch testing before a surgical implant in patients who report a history of hypersensitivity to metals such as those found in costume jewelry, belt buckles, or watches. These patients should undergo patch testing with a dermatologist who has access to testing ingredients found in implanted metal alloys. Patch testing is important because additional metal sensitizers may be identified. Seventyfour percent of preimplantation patients showing metal hypersensitivity on patch testing had positive reactions to more than 1 metal patch test. Multiple metal coreactions in patients with positive patch tests to nickel (n=11) most commonly occurred with palladium (n=9), cobalt (n=4), gold (n=4), and chromium (n=1).
In this study, nickel was the most common relevant allergen in both groups. Nickel is an important component of orthopedic alloys that grants stability. The amount of nickel differs in implant alloys depending on its application. Orthopedic grades of alloys, such as stainless steel and cobalt-chromium, contain relatively high levels of nickel in comparison with titanium. 22 Stainless steel is a commonly used alloy in plates and screws for internal fixation of bone fractures, spinal instrumentation, and Nuss procedures. 23 Its composition varies according to application standards and includes chromium, 19.5% to 22%; molybdenum, 2% to 3%; nickel, 9% to 33%; and less than 1% of niobium, manganese, carbon, and nitrogen. [24] [25] [26] [27] An advantage of stainless steel is the relatively low resistance to corrosion. 28, 29 Cobalt alloys are widely used in total knee replacement, sometimes hip replacement, and smaller endoprostheses. The composition of cobalt (Co-Cr-Mo) alloys includes cobalt, 64%; chromium, 28%; molybdenum, 6%; and nickel, 0.5% to 2.5%. 7 In contrast, titanium alloys (Ti-6Al-4V, Ti-Mo12-Zr6-Fe2, and TiNb13Zr13) have a very low content of nickel (0.01%-0.03%), which typically results from the production process. Titanium alloys are frequently used in the femoral stem of hip prostheses, the tibial component in knee arthroplasties, for spinal fusion, and in osteosynthesis materials. 7, 19 The choice of implant alloy depends on its application, therapeutic standards, and the surgeon's experience. In this study, the surgeons were cognizant of patch test results and dermatologist recommendations when selecting implants. The most commonly chosen allergen-free implants in this study were titanium alloys and oxidized zirconium-niobium (Oxinium; Smith & Nephew). Titanium implants are frequently used as an alternative prosthesis in primary hip arthroplasty in conjunction with a polyethylene-or ceramicbearing surface. 7 Titanium alloys, even the "nickel-free" variants, contain traces of nickel, with a theoretical possibility for hypersensitivity reaction. 4 The oxidized zirconiumniobium alloy is coated with ceramic and oxygen that does not contain nickel; it is associated with fewer wear particles. It is a novel, more expensive alternative to the conventional cobalt-chromium alloys in knee arthroplasty. 19 The drawbacks to using these "allergen-free" implants rather than conventional prostheses include lack of studies on long-term results and substantially higher costs. 4 In the postimplantation group, the most commonly encountered symptoms in patients with relevant metal al- lergy were localized dermatitis, joint loosening, and joint pain. Aseptic loosening is the clinical manifestation of the body's reaction to wear debris generated from metal-onmetal or metal-on-polyethylene articulation. 30 The postimplantation patients with complications to a relevant metal implant who underwent a procedure to have it removed, revised, or both subsequently experienced resolution of their symptoms. Patients who did not undergo revision continued to experience symptoms. Thus, if patch testing supports a potential allergic causative association, removal of the offending implant should be considered. This may be generally easier with static devices. Dynamic devices should not be replaced or revised solely on the basis of a positive metal patch test unless there is severe impairment of function of the device or the joint.
The focus of this study was on hypersensitivity complications associated with implanted metals; however, other implant components occasionally cause hypersensitivity reactions. 31 For example, the implant may be lined with plastic that acts as artificial cartilage, or the hardware may require anchoring in the bone with cement, which can be acrylate-based or impregnated with antibiotics. Thus, in addition to metals, methyl methacrylate monomers, benzoyl peroxide, and gentamicin can act as potential causes of implant-related allergic reactions. 32, 33 In this study, positive patch test reactions to benzoyl peroxide and gentami- Abbreviations: A, atopy; Acet, acetabular component; Al, aluminum; bal, remaining balance; CMH, cutaneous metal hypersensitivity; Co, cobalt; Cr, chromium; D, dermatitis; E, edema at site of prosthesis; Fe, iron; Fem, femoral component; FU, follow-up; Glen, glenosphere; Hum, humeral component; Lo, joint loosening; Met, metaglene; Mo, molybdenum; Nb, niobium; Ni, nickel sulfate; OZN, oxidized zirconium-niobium; P, joint pain; PE, polyethylene; SS, stainless steel; THA, total hip arthroplasty; Ti, titanium; Tib, tibial component; TKA, total knee arthroplasty; V, vanadium; W, impaired wound healing; Zr, zirconium. cin were detected only in our postimplantation patients, which may reflect exposure to that material in their implant ( Table 7) . The other common nonmetal allergens in the postimplantation patients were bacitracin (n=4), balsam of Peru (n=4), thimerosal (n=3), and neomycin (n=2). Furthermore, patients with cutaneous eruptions who did not have a relevant positive patch test to a metal benefited from dermatology evaluation. The identified causes for the eruptions in these patients included benzoin in bandages (n=2), bacitracin used in wound irrigation (n=1), reticular telangiectatic erythema (n=3), infection (n=2), medication-induced dermatitis (n=1), palmoplantar keratoderma (n=1), prurigo nodularis (n=1), neurodermatitis (n=1), tumid lupus (n=1), psoriasis (n=1), and reflex sympathetic dystrophy (n=1).
In conclusion, the results of this study support the value of patch testing for patients with a clinical history of metal hypersensitivity before surgical implant in bone or a joint as a safe measure to avoid complications. The study confirms the need for surgeons and dermatologists to work together and establish guidelines with a goal to identify patients who would benefit from revisions of previously implanted metal. When interpreting these results, we are conscious of the study's limitations, such as the relatively small sample size and the lack of a comparative group for whom the surgeons disregarded the patch test results. Ultimately, a decision should be made on a caseby-case basis, as a careful choice of a device to be implanted minimizes the potential for complications. Patch testing remains a standard for evaluating patients with suspected metal allergy; however, it may not always result in a diagnosis, despite a high clinical suspicion. We acknowledge the lack of agreement on which specific allergens, especially which metal salts, should be used for patch testing when devising the prosthesis trays. Because many of the metals are not part of routine testing, there is always a possibility of false-positive (irritant) or false-negative reaction if the allergen concentration is too low to elicit a response. In vitro tests that measure proliferative response of lymphocytes to a patient's serum incubated with metals are another option but are performed only in a few laboratories. 
